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ABSTRACT Mosquito species abundance and composition estimates provided by trapping devices
are commonly used to guide control efforts, but knowledge of trap biases is necessary for accurately
interpreting results. We tested the hypothesis that commercially available traps (Mosquito MagnetÐ
Pro, the Mosquito MagnetÐX) would be signiÞcant improvements over the CDC Miniature Light Trap
with respect to abundance, species diversity, and measures of recruitment in a wooded area of the
Bronx Zoo in New York City, NY. The Mosquito MagnetÐPro collected signiÞcantly more mosquitoes
(n� 1,117; mean per night, 124 � 28.3) than the CDC Miniature Light Trap (n� 167; mean per night,
19 � 5.5). The SimpsonÕs diversity index was greatest for the Mosquito MagnetÐPro. A CDC light trap
from a simultaneous surveillance project was located 15 m away and used as a control trap to test for
signiÞcant differences in mosquito counts on nights with or without the experimental traps. There
were no signiÞcant differences between nights, indicating the test traps did not recruit beyond 15 m.
The traps differed signiÞcantly in abundance, but they had similarly limited sampling areas. Measured
differences in abundance were independent of differences in diversity. This study highlights how
differences between traps might affect species abundance and composition estimates.
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Mosquito species abundance and composition esti-
mates can be used to target disease prevention efforts
by providing information regarding the spatial distri-
bution of vector species. Trapping, as a means to mon-
itor mosquito populations, is an integral component of
surveillance efforts, yet standard techniques for inter-
preting the results are lacking (Downing 1976, Jensen
et al. 1994). Trap design (e.g., Counterßow, down-
draft), placement (e.g., height above ground, time of
day), location (local environment, habitat speciÞcity
of mosquito), and use of attractants (e.g., light, CO2,
octenol) inßuence mosquito abundance estimates
(Kline 1999, Mboera et al. 2000, Burkett et al. 2001,
Anderson et al. 2004). These factors affect the species,
number, and reproductive status (parity) of mosqui-
toes captured (Reisen et al. 1999, 2000; Mboera et al.
2000). Knowledge of trap biases is essential when
deciding what traps to use, where they are to be

deployed, and how to interpret the results. Recogni-
tion of these biases is especially important when mod-
eling mosquito species distributions and designing
mosquito-borne disease surveillance programs.

In this study, we tested the hypothesis that com-
mercially available traps would show signiÞcant dif-
ferences from a standard surveillance trap with re-
spect to differences in abundance, species diversity,
and measures of recruitment. Species abundance is
the most commonly reported trap attribute. However,
understanding the mosquito species community com-
position is more complex than basic species abun-
dance measures such as richness. Therefore, this study
also evaluates species diversity among the three trap
types. Finally, the study tests whether results can be
explained by active recruitment of mosquitoes to the
collection site or if traps capture mosquitoes that are
fortuitously present at the trap site. The Þndings pre-
sented here are salient when collecting and interpret-
ing mosquito surveillance data. These additional facets
of surveillance trap data are germane to modeling
mosquito species distribution and abundance.

Materials and Methods

This study of trap effectiveness was nested in a
larger surveillance study occurring at the Bronx Zoo in
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New York City, NY, in collaboration with the Wildlife
Conservation Society. In the larger study, 12 CDC
Miniature Light Traps (MLT) were evenly distributed
over the park to target mosquito control efforts during
a West Nile virus (family Flaviviridae, genus Flavivi-
rus, WNV)epizootic and to evaluate results. The
Bronx Zoo is a 107-ha (265-acre) island of deciduous
forest situated in New York City along the Bronx
River.

This project used the larger studyÕs trapping infra-
structure to compare two commercially available traps
to the MLT. The American Biophysics Corporation
(North Kingston, RI) markets the Mosquito Magnet as
effective control devices for professional and home
use. Here, we evaluate how the Mosquito MagnetÐPro
(MM-Pro) and its prototype Mosquito MagnetÐX
(MM-X) compare with the standard MLT with re-
spect to abundance, species diversity, and area of
recruitment.

The traps were run at three sites located 15 m
equidistant on 9 d between 3 August and 24 August
2000. Traps were systematically rotated between the
three sites each night to control for the effect of site.
All study sites were located in a continuous deciduous
forest with similar ground and canopy cover. One of
the surveillance MLTs �15 m from the experimental
locations was used as a control for the recruitment
range comparison.
Traps. The MLT used is manufactured by Clarke

Mosquito Control (Roselle, IL) based on the Ameri-
can Biophysics Basic Light Trap. This trap remains
relatively unchanged since its 1962 inception (Sudia
and Chamberlain 1962). It is powered by a 6-V, 10-
ampere-h rechargeable gel-cell battery operating a
0.15-W light and a four-blade fan. The traps were
suspended 1.5Ð2 m above the ground and baited with
carbon dioxide provided by a 0.95 liter (1-quart) in-
sulated ßask Þlled with dry ice (Rudolfs 1922).

The MM-X trap differs from the MLT in that it does
not use a light as an attractant and uses a different trap-
ping mechanism, namely, Counterßow geometry. Coun-
terßow is generated through the use of two fans simul-
taneously moving air in opposite directions (for details,
see Kline (1999). In brief, a CO2-enriched plume is re-
leased through a center pipe by a motor-driven fan. This
centerpipe is surroundedbyawidertubethroughwhich
air is sucked upward into the trap by a second fan into
a wide plastic container to hold the mosquitoes attracted
to the trap. For this study, the MM-X was baited with dry
ice as with MLT and suspended between 1.5 and 2 m
above the ground. Two serially connected 6-V, 10-am-
pere-h rechargeable gel-cell batteries were used to pro-
vide the required 12-V power source.

The Mosquito MagnetÐPro (MM-Pro) has a power
head that catalytically converts propane into CO2,
heat, and water vapor. These attractants are exhausted
outside the trap through a center tube, similar to the
MM-X, providing a plume of mosquito attractants. As
with the MM-X, two fans work in opposition: one fan
provides the exhaust plume of attractants; the other
fan provides a counterßow updraft used to capture
mosquitoes. It is a freestanding unit with an intake 52

cm above ground level and holds a 9-kg propane tank.
In the Northeast, the manufacturer recommends using
octenol as an additional attractant, but it was not used
for this study to facilitate direct comparisons among
the traps.

Traps were set between 8:00 a.m. and 9:00 a.m. with
dry ice, propane, fresh batteries, and collection units
as necessary. Collections of mosquitoes were recov-
ered 24 h later, frozen on dry ice, and transported to
the laboratory in New Haven, CT. Mosquitoes were
identiÞed to species using an Industrial Inventions Inc.
(MonmouthJunction,NJ),model1012electronicchill
table under a 10Ð40� zoom dissection microscope,
and then they were frozen at �70�C for later virus
isolation as part of a WNV surveillance and control
program. Damaged mosquitoes that could not be iden-
tiÞed to species were identiÞed to genus when pos-
sible or placed into an unidentiÞed class and excluded
from this analysis. These exclusions did not signiÞ-
cantly differ across the three trap types (Pearson �2 �
18.0, P � 0.324).
DataAnalysis.Count data were tested for normality

and transformed using log(count � 1). Differences in
abundance were tested by comparing the total num-
ber of mosquitoes per trap using Bonferroni analysis of
variance (ANOVA) and SAS version 8 software (SAS
Institute 2002). The analysis compared trap and site
speciÞc differences.

SimpsonÕs diversity index (1-D) was used as a mea-
sure of species diversity for each of the three traps
(Simpson 1949). SimpsonÕs diversity index was calcu-
lated as follows:

D � �
i� 1

S
ni�ni � 1	

N�N � 1	

where n is the total number of a particular species (i),
and N is the total number of individuals (in this case
per trap type).

This index measures the probability that two spec-
imens from a sample will be different species. Simp-
sonÕs diversity index increases in value as species di-
versity increases. It is sensitive to the numerical
abundance of dominant species (Magurran 1988).

ConÞdence intervals were calculated to determine
whether differences in diversity between the traps
was statistically signiÞcant (Grundmann et al. 2001):

CI � D � 2��2, D � 2��2

Variance (�2) is deÞned as
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whereN is the total number of individuals (in this case
per trap type), and �i is the relative frequency of ni
(species)/N (total individuals):
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.
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Recruitment range was evaluated to assess whether
the experimental traps were attracting mosquitoes from

15 m by comparing counts for the control trap (15 m
from the test sites) on the nine test nights to the seven
intervening nontest nights. This comparison was con-
ducted using the total mosquito count and by the com-
bined Aedes/Ochlerotatus species total count and Culex
species total count using KruskalÐWallis test (�2 approx-
imation) and compared with Wilcoxon rank sum test.

Results

Over the 27 trap nights, 1,837 female mosquitoes
were collected, representing 16 species (Table 1).
Aedes vexans (Meigen) was found in the greatest num-
ber for all traps (27% of all mosquitoes trapped; range

20Ð54%), followed byOchlerotatus trivittatus (Coquil-
lett) (20%, range 10Ð23%), Ochlerotatus triseriatus
(Say) (11%, range 2Ð15%), and Culex pipiens L. (9%,
range 8Ð12%). Although the total number of mosqui-
toes collected was not particularly large, it is the result
of an operational mosquito surveillance program dur-
ing a WNV epizootic; therefore, it is representative of
an operational application of these traps.
Abundance.TheMM-Procollectedthegreatestnum-

ber of mosquitoes (n � 1,117; mean per night, 124 �
28.3), followed by the MM-X (n� 553; mean per night,
61 � 22.7), and the MLT (n� 167; mean per night 19 �
5.5) (Fig. 1). The ANOVA measure for multiple com-
parisons showed signiÞcant differences in count be-
tween the MM-Pro and MLT (ANOVA: F� 15.76, P�
0.01), but not the MM-X. There were no differences
when evaluating count by site (ANOVA: F� 0.23, P�
0.90) (Fig. 2). This lack of difference indicates the trap,
not the location of the trap, yielded signiÞcant differ-
ences in total mosquito counts.
SpeciesDiversity.The MM-X collected the greatest

total number of species (n � 14) followed by the
MM-Pro (n � 12) and the MLT (n � 9). However,
SimpsonÕs diversity index, which accounts for sam-
pling in the estimation of diversity, was greatest for the
MM-Pro (1-D � 0.87, 95% CI: 0.88Ð0.86) followed by
the MM-X (1-D � 0.80, 95% CI: 0.82Ð0.78) and the
MLT (1-D � 0.68, 95% CI: 0.75Ð0.60). Although the
MM-X collected the greatest number of species (spe-
cies richness), collections from the MM-Pro yielded
the greatest measure of species diversity.
Recruitment Range. Analysis of the attraction by

experimental traps on total mosquito count by
KruskalÐWallis test (approximation) showed neither
signiÞcant differences for the total catch comparison
on test and nontest nights (Kruskal-Wallis � 0.06, P�
0.81), nor for the species group speciÞc comparisons
(Aedes/Ochlerotatus species, Kruskal-Wallis � 0.04,

Fig. 1. Box plot of the nightly counts by the three trap types: MLT (n� 167; mean per night, 19 � 5.5), MM-X (n� 553;
mean per night, 61 � 22.7), and MM-Pro (n� 1,117; mean per night, 124 � 28.3). There were signiÞcant differences in count
between the MM-Pro and MLT (ANOVA: F � 15.76, P � 0.01).

Table 1. Mosquito species collected during trap nights

Species MM-Pro MM-X MLT Total

Aedes vexans 225 189 91 505
Ochlerotatus trivittatus 216 126 17 359
Ochlerotatus triseriatus 164 41 4 209
Culex pipiens 86 67 14 167
Psorophora ferox (von Humbolt) 128 39 0 167
Culex pipiens/restuans 117 13 17 147
Anopheles punctipennis (Say) 59 41 7 107
Aedes/Ochlerotatus (unknown) 74 11 3 88
Culex (unknown) 33 1 6 40
Culex salinarius Coquillett 0 18 2 20
Culex restuans Theobald 6 1 4 11
Aedes intrudens Dyar 3 1 1 5
Aedes canadensis (Theobald) 2 1 0 3
Coquilittidia perturbans (Walker) 2 1 0 3
Culex territansWalker 1 1 0 2
Aedes stimulans (Walker) 1 0 0 1
Culiseta morsitans (Theobald) 0 1 0 1
Orthopodomyia signifera

(Coquillett)
0 0 1 1

Psorophora ciliata (F.) 0 1 0 1
Total 1,117 553 167 1,837
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P� 0.85 andCulex species, Kruskal-Wallis � 0.24, P�
0.62). See Fig. 3 for box plot comparison of nontrap
night and trap night counts. Likewise, analysis by Wil-
coxon rank sum test indicated no signiÞcant difference
in total count (Wilcoxon rank sum � �0.20, P� 0.85),
Aedes/Ochlerotatus count (Wilcoxon rank sum �
�0.15, P� 0.89) or Culex (Wilcoxon rank sum � 0.44,
P� 0.65) on test compared with nontest nights. These
results indicate that the test traps did not inßuence
results from the surveillance trap located 15 m distant.

Discussion

This study conÞrms that traps using Counterßow
technology collect greater numbers of mosquitoes
than standard downdraft traps (Kline 1999, 2002; Bur-

kett et al. 2001). However, traps may be biased toward
speciÞc species (Huffaker and Back 1943, Acuff 1976).
To understand the composition of the mosquito com-
munity this study also examined diversity. The Þnd-
ings support the importance of diversity measures as
the trap yielding greatest species richness did not
capture the greatest diversity of mosquitoes. These
Þndings are important when comparing across differ-
ent trap types because greater richness does not nec-
essarily translate into greater diversity.

This study shows that all of the traps are spatially
limited with reference to the information they provide
about the local mosquito community. To detect what
species occur and their relative abundances within an
area, we would recommend using replicates of MLTs
rather than relying on only one Magnet (MM-X or

Fig. 2. Box plot of the nightly counts by the three trapping sites shows there is not effect of the site on nightly count
(ANOVA: F � 0.23, P � 0.90).

Fig. 3. Box plot of count in the control trap for test versus nontest nights indicates no signiÞcant difference for the total
catch comparison on test and nontest nights (KruskalÐWallis � 0.06, P � 0.81).
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MM-Pro). Although one MLT may yield lower counts,
multiple trap locations would offer similar abundance
data but with greater spatial resolution. The loss with
respect to species diversity might be with rare species
and this would have to be considered. However, this
duplicative sampling methodology may be more cost
effective and would allow for sampling in multiple
habitats. Regardless of the trap used, repetition of sites
would improve the study design, create greater con-
Þdence in the information provided, and traps placed

15 m apart might be independent. An alternative
would be to alter the CO2 output or the wattage of the
light attractants, but we view this to be more difÞcult.

There is increasing use of spatial models to identify
high-risk areas for mosquito-borne disease control
(Barrera et al. 1999, Brownstein et al. 2003, Diuk-
Wasser et al. 2006). With improvements in disease risk
models and increasing use of these models to guide
intervention efforts, appreciation of the unavoidable
errors associated in parameter estimation become
more important (reviewed by Liebhold et al. 1993,
Rogers and Randolph 2003). Commenting on the in-
formation provided by mosquito light traps, Huffaker
and Back (1943) stated “the trap is only one compo-
nent of the picture.” Their 64-yr-old comment holds
true today, and researchers must ensure that they
address the biases inherent in the surveillance data
collected. This study quantiÞes how differences in
trap selected can alter the “picture” of mosquito abun-
dance and diversity. Understanding the limitations of
mosquito surveillance data is necessary to improve the
accuracy of spatial models.
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